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Calibration of soil P test was conducted for Typic Kandiudox derived from Way Pangubuan, Lampung. A fieldexperiment was carried out in dry and wet seasons. The dry season experiment in 2013 was designed by applyingvarious soil P status: 0 X (very low), ¼ X (low), ½ X (moderate), ¾ X (high), dan X (very high), in which X was theamount of P required to obtain P concentration of 0.2 g P L-1 in soil solution. The wet season experiment wasconducted in 2013/2014 with the P treatments of P fertilizer at 0, 8, 16, 33, dan 66 kg P ha-1 in the form of SP-36 with3 replicates. The results showed that Colwell, Morgan-Wolf, and Olsen extraction methods are not suitable todetermine P requirement for upland rice grown on Typic Kandiudox. Extraction methods of Bray-1, Truog, Mehlich,HCl 25%, dan Bray-2 are appropriate to estimate P fertilizer requirement for upland rice. Among all of these extractions,Bray-1 and Truog are the most appropriate. The levels of soil P availability extracted using Bray-1 are classified intolow (< 12.0 ppm P2O5), moderate (12.0-26.0 ppm P2O5), and high status (> 26.0 ppm P2O5), whereas soil P availabilitystatus extracted using Truog consisted of low (< 9.0 ppm P2O5), moderate (9.0-15.5 ppm P2O5), and high (> 15.5 ppmP2O5).  Phosphorus fertilizer recommendations for upland rice grown on Typic Kandiudox with low, moderate, and highsoil P availability status are 33, 8, and 0-4 kg P ha-1, respectively, which equal to 200, 50, and 0-25 kg SP-36 ha-1,respectively.
Kalibrasi uji hara P tanah telah dilaksanakan untuk tanaman padi gogo pada Typic Kandiudox di Way Pangubuan,Lampung. Percobaan lapang telah dilakukan pada musim kering dan musim hujan. Percobaan lapang di musim keringpada tahun 2013 dirancang dengan mengaplikasikan beberapa status P tanah: ) X (sangat rendah), ¼ X (rendah), ½X (sedang), ¾ X (tinggi), dan X (sangat tinggi), dimana X adalah jumlah P tersedia untuk mencapai kosentrasi Pdalam larutan tanah sebesar 0,2 g P L-1. Percobaan pada musim hujan telah dilaksanakan pada tahun 2013/2014dengan perlakuan beberapa takaran Pupuk P yaitu 0, 8, 16, 33, dan 66 kg P ha-1 dalam bentuk SP-36 dengan 3 ulangan.Hasil penelitian menunjukkan bahwa pengkstrak Colwell, Morgan-Wolf, dan Olsen tidak sesuai untuk menetapkankebutuhan P tanah bagi tanaman padi gogo di tanah Typic Kandiudox. Pengekstrak Bray-1, Truog, Mehlich, HCl25%, dan Bray-2 adalah pengengekstrak yang lebih sesuai untuk menduga kebutuhan pupuk P untuk tanaman padigogo. Dari semua pengesktrak yang dicobakan, Bray-1 dan Truog adalah pengekstrak terbaik. Tingkat P tanahtersedia yang diekstrak menggunakan Bray-1 diklasifikasikan ke dalam status hara P tanah rendah (< 12,0 ppm P2O5),sedang (12,0-26,0 ppm P2O5), and tinggi (> 26.0 ppm P2O5), sedangkan untuk status hara P tersedia dengan pengekstrakTruog adalah rendah (< 9,0 ppm P2O5), sedang (9,0-15,5 ppm P2O5), dan tinggi (> 15,5 ppm P2O5). Rekomendasi pupukP untuk tanaman padi gogo di tanah Typic Kandiudox pada status hara P tersedia tanah rendah, sedang, dan tinggiberturut-turut sebesar 33, 8, dan 0-4 kg P ha-1 atau setara dengan 200, 50, and 0-25 kg SP-36 ha-1.
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INTRODUCTION
Indonesian population increases from year toyear, with the growth rate of about 1.5% yr-1,resulting in a continuous increase in food demand,especially rice as a staple food. Rice self sufficiencythat was already reached in 2017 should bemaintained sustainability. The extension of rice fieldsin Indonesia is about 8,1 million ha but it faces theproblem of land conversion. The number of irrigatedrice fields continously decreases due to landconversion and low productivity. Consequently, theupland area should be developed and utilized foragriculture. Opportunities for agriculturaldevelopment in the upland area are possible, hencethe productivity of potential land resources could beincreased through application of technologypackages that have been developed by researchinstitutes.The number Acid soils of upland area inIndonesia is about 108.8 million ha or 69.4% of thetotal upland area (Tim Peneliti BBSDLP 2014).Hidayat dan Mulyani (2005) in Rochayati dan Daria(2012) reported that upland acid soils mainly consistof Ultisols and Oxisols. Ultisols and Oxisols are thesoils with low fertility, therefore the inovativetechnology is necessary to increase theirproductivities. One of the innovative technologies isthe application of balanced fertilizer. The numberof upland area that is used as rice fields is about 5.1million ha and the potential upland rice fields usedas intercropping plants can reach more than 2.0million ha (Toha 2012).Agricultural development with wise utilizationof land resources is the basic of sustainableeconomic growth. The efficient soil management insustainable manner will increase the quality of life.To achieve high soil productivity, the use efficiencyof fertilizer through soil test programme should beincreased as well.Determination of soil nutrient status in order toformulate fertilizer recommendation with specificlocation can be done using a soil test, i.e. a chemicalsoil analysis that is simple, fast, and cheap, butreliable, accurate and reproducible. The purposesof soil test are (1) to determine status of soil nutrientrequirement and to indicate the level of deficiencyor toxicity of certain nutrient on various plants, (2)to determine fertilizer recommendation, and (3) touse the soil test results for economic evaluation ofthe recommended fertilizer (Melsted and Peck 1973;Widjaya-Adhi 1986).Olsen, Bray-1, and Modified Truog methodscould be used to analyse P of upland soils. The criticalconcentration limit of P for upland depends on soil
types. For maize grown on Typic Paleudult thecritical limit is 3,5 ppm P for Olsen method, 5 ppm Pfor Bray-1 method, and 6 ppm P for Modified Truoghmethod. For maize grown on Tropeptic Entrostox,the critical limit is 5 ppm P for Olsen method andBray-1, and 12 ppm P for Modified Truog method(Widjaya-Adhi and Silva 1986). For upland ricegrown in Lampung and Sitiung, the selected methodwas Modified Truog that divided P status into threeclasses, namely the critical limit for low, medium,and high status, i.e. < 7.5; 7.5-15.0; and > 15 ppm P,respectively (Widjaya-Adhi 1986). Therefore, theobjective of this experiment was to determine soil Pnutrient requirement  and P fertilizer recommendationfor upland rice grown on acid Typic Kandiudox.
MATERIALS AND METHODS
Location
The calibration experiment was conducted atthe farmer’s acid upland soil of Typic Kandiudox inTanjung Ratu Village, Way Pangubuan Sub District,Central Lampung Distric, Lampung Province. Thelocation of the experiment was selected based onP-Bray-1 and P-HCl  25% levels of the topsoil (0-20 cm) with a very low P status. This experimentwas conducted during two  successive seasons, thedry season 2013 and rainy season 2013/2014. Thechararacteristics of soil profile used for theexperiment are presented in Table 1.
P-Fertilizer Treatments
The field experiment was carried out for twoseasons, dry and rainy seasons. The dry season 2013was to artificially prepare soil P status by adding P:0 X (very low), ¼ X (low), ½ X (moderate), ¾ X(high), and X (very high) on plot trials of  25 m x 6m with 3 replicates. X was the amount of P requiredto obtain 0.2 mg P L-1 in soil solution (Fox andKamprath 1970) by applying 1,000 kg SP-36 ha-1.The basal fertilizers used were 50 kg urea ha-1, 150kg KCl ha-1, 2 tons animal manure ha-1, and 500 kgcalcite ha-1. The animal manure and calcite wereapplied before cultivation, whereas urea, SP-36, andKCl were applied before the second cultivation.Then cowpea was planted at 40 cm × 20 cm spacingwith two seeds per hole.The second experiment was conducted duringthe wet season (2013/2014) with P fertilizertreatment in each artificial soil P status (used in adry season) with the rates of 0, 8, 16, 33, dan 66 kgP ha-1, which were equal to 0, 50, 100, 200, 300 and400 kg SP-36 ha-1. Each treatment was conducted
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in 3 replicates. The plot at the first season (dryseason) was divided into 5 units with 5 m × 6 mdistance. Dose of urea and KCl applied were 200kg urea ha-1 and 150 kg KCl ha-1. SP-36 and KClfertilizers were applied as basal treatments beforecultivation and incorporated evenly into the soil. Ureawas applied two times i.e. at 14 days after planting(dap) and 42 dap. The upland rice of Situ Bagenditvariety was planted with 40 cm x 15 cm spacing with5 seeds per hole.Before fertilizing, composite soil samples werecollected from each plot for analysing P status in thelaboratorium. Plant height was measured at 30 dap,and at harvesting time (105 dap). The grain and strawwere separated, dried and weighed.
Selection of Soil Phosphorus ExtractionMethods
The P status of composite soil samples fromeach plot trial was determined using several methods,i.e.  Truog, Colwell, Morgan and Wolf (MW), Olsen,Mehlich, HCl 25%, Bray-1, and Bray-2. The effectof P fertilization at various soil P status on the heightand yield of upland rice is presented in Table 2.Response of the plant to P application was expressedas percentage of yield (%Y) = Y0 / Ymax x 100%, in
which Y0 is the yield without P application and Ymaxis the maximum yield at P application trial. Next, thesoil data of each P extraction method were correlatedto percentage of yield. The criteria to select theextraction method was based on the extractant thathad significant correlation coefficient at 5%.
Determination of Soil Phosphorus RequirementClass
Soil phosphorus requirement was determinedbased on the Modified Variance Analysis (Nelsonand Anderson 1977). The procedure is as follows:1. Calculate Ymax. Ymax. = (Y max. – Y0) / Ymax., inwhich Ymax. is maximum dried yield affected byP application and Y0 is dried yield without Papplication.2. Compose data according to the increaseconcentration of P soil testing.3. Group data into several groups of Ymax. Thecriteria used to determine the limit of sub groupare as follow: (a) Ymax should largely enoughdecrease between the values next to each other,and average of Ymax should increase, (b) theseparation limit is not determined between thesame or almost the same two soil testing values,and (c) the group member is at least 2.
Table 1. Soil properties of Typic Kandiudox of the field experimental site.
Soil Characteristics Unit Value Method 
Texture   Pipette - sand (%) % 17  - silt (%) % 12  - clay (%) % 72  pH H2O (1:2.5)  4.6 pH meter pH KCl (1:2.5)  4.2 pH meter Organic matter:    C (%) % 1.47 Kurmies N (%) % 0.15 Kjedahl C/N ratio  9.8  P2O5  ppm 60 HCl 25% K2O  P2O5 
ppm ppm 45 18 HCl 25% Bray-1 CEC   NH4OAc, pH 7.0 - Ca  cmol (+) kg-1 1.87  - Mg  cmol (+) kg-1 0.81  - K  cmol (+) kg-1 0.04  - Na  cmol (+) kg-1 0.08  - Total  cmol (+) kg-1 2.8  KB (%)  37 NaCl 10% Acidity   KCl 1N - Exchangeable-Al  cmol (+) kg-1 0.44  - H  cmol (+) kg-1 0.25  
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4. Calculate pairs of data (i), standard deviation (Si),and average of DYmax.i from group to-I and pooledS from the whole group.5. Test the difference between two averages ofDYmax. from successive group using one waystudent’s t-test using the formula below:    t = (DYmax.,I - DYmax.,i+1) / S(1/ni + 1/ni+1)0.56. If the difference of DYmax. average between twosuccessive groups is not significant, the twogroups are coupled to be one group. Based onthe amount of new group, the procedure then ismoved back to step 4 and continued to step 5. 1.This procedure is repeated until the average valuebetween two sequential groups is not significantlydifferent.
Determination  of P Fertilizer Recommendation
The data of plant response to P fertilizerapplication at each soil P class were obtained fromthe calibration experiment. Generalized responsecurve from each soil testing class was determinedusing regression analysis. Regression analysis ofdried grain yield from each soil testing group wascalculated using Ordinary Least Square, with theminimized amount of residual square. Theassumption underlying this method is this residualspreads normally and have freedom and the samevariance. This polynomial regression is:
                   Y = a + bX + cX2
Table 2. Effect of P application on height and dried yield of upland rice at each soil P status of TypicKandiudox in Central Lampung.
Note: The numbers followed by the same letters in the same column at each P nutrient status are not significantlydifferent at 5% level of Duncan’s Multiple Range Test (DMRT).
P status  Dose   (kg P ha-1) Plant height  (cm) Weight of dried grain  (Mg ha-1) 
Very low 0 29.17 a 0.61 a Very low 18 46.83 b 1.52 b Very low 36 48.87 b 2.77 c Very low 72 49.87 b 3.57 c Very low 144 46.40 b 2.20 b 
CV (%)  13.5 12.7 
Low 0 48.93 a 1.87  a   Low 18 50.83 ab 2.82 b Low 36 57.31 b 3.47 bc Low 72 52.33 ab 3.26 bc Low 144 54.06 b 3.15 c 
CV (%)  13.5 12.7 
Medium 0 53.67 a 0.83 a  Medium 18 56.21 ab 1.88 bc Medium 36 55.90 ab 2.92 b Medium 72 52.24 a 3.50 c Medium 144 61.25 b 2.79 ac 
CV (%)  13.5 11.7 
High 0 49.12 a 2.43 a High 18 54.91 b 2.78 ab High 36 55.01 b 3.02 c High 72 56.98 b 3.34 ab High 144 59.11 b 3.16 ab 
CV (%)  11.5 12.7 
Very high  0 52.98 a 2.01 a Very high  18 54.99 ab 2.72 a Very high  36 53.73 ab 3.26 a Very high  72 59.97 b 3.41 a Very high  144 58.23 ab 3.47 a 
CV (%)  13.5 12.7 
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in which a, b, c = coefficients, X = P fertilizer doses(kg P ha-1), and Y= dried grain yield (Mg ha-1).Based on the obtained regression equation, thegeneralized response curve was made in one graphfor each soil test group. Based on this curve, doseof optimum P fertilizer was determined.Recommended fertilizer dose is the fertilizer dosethat resulted an optimum yield. The assumption usedin calculating optimum dose is the optimum yieldthat is achieved at 90% of the maximum yield. Thisoptimum dose is P fertilizer application that is ableto result in 90% of maximum yield.
RESULTS AND DISCUSSION
Plant Response to P Application
Effect of P application to plant height and driedgrain yield of rice at each trial of nutrient status ispresented in Table 3. P fertilizer doses significantlyincreased plant height at whole P nutrient status.The effect was not significant started at dose of 18kg P ha-1.P fertilizer application significantly increasedthe dried grain yield at very low to high P statuswhile at very high P status, the effect was notsignificant. At very low P status, the weight of driedgrain yield was the highest, i.e. 3.57 Mg ha-1 with
application of 72 kg P ha-1; at low P status the yieldwas 3.47 Mg ha-1 with application of 36 kg P ha-1;at moderate P status the yield was 3.50 Mg ha-1with application of 72 kg P ha-1; at high P status theyield was 3.34 Mg ha-1 with application of 72 kg Pha-1 and at very high P status the yield was 3.47 Mgha-1 with application of 144 kg P ha-1. The datashowed that at high soil P status, the plant responseto P application was not significant.
Soil P Extraction Methods
The concentrations of soil P obtained fromvarious extraction methods and the percentage ofyield of upland rice as affected by P status at variousdoses of fertilizer application are presented in Table3. Soil P testing values extracted using Truog,Mehlich, HCl 25%, Bray-1, and Bray-2, generallyincreased with increasing soil P status treatments.Likewise, percentage of plant yield also increasedwith increasing soil P status treatments. Howeversome soil P status or percentage of yield decreasedwith increasing soil P status treatments. The periodbetween P fertilizer application (the beginning of thefirst season) and soil sampling (the beginning of thesecond season) was about 7 months. During thisincubation period, it is expected that the soil conditioncould reach a steady state, in which P fertilizer wouldbe changed into soil P that can be taken up by crops.
Table 3. Correlation coefficients between crop yield and soil P content extracted using several methods.
*) Significant at 5% level; **) very siginificant at 1% level; r0,05 (15)  = 0,49; r0,01 (15) = 0,62.
Treatment of Soil P Status Replication 
Content of Soil P2O5  Percentage of yield Truog Colwell MW Olsen Mehlich HCl 25% Bray 1 Bray 2 ..............................................................ppm................................................... 
Very low 1 3 77 2 22 6 184 6 33 82 Very low 2 1 112 1 17 5 188 5 18 91 Very low 3 5 149 2 35 9 273 10 42 33 Low 1 11 132 2 40 18 263 17 56 36 Low 2 13 100 3 66 24 360 23 89 70 Low 3 15 143 2 54 16 329 22 65 44 Medium 1 15 200 3 83 30 413 25 120 73 Medium 2 16 253 4 24 45 444 27 158 64 Medium 3 23 115 4 24 48 586 39 169 58 High 1 22 303 5 29 51 521 30 166 70 High 2 18 216 4 47 15 277 22 63 69 High 3 7 169 1 52 15 315 14 60 68 Very High 1 22 397 7 146 49 512 24 169 41 Very High 2 24 120 6 160 57 596 50 212 28 Very High 3 6 158 9 63 22 386 30 228 73 Correlation coefficient (r)  0.89** 0.31 0.42 0.44 0.89** 0.88** 0.90** 0.71**   
86 M Teddy et al.: Soil Phosphorus Test for Upland Rice
However, soil heterogenity affects the levels and Psoil dynamics, so that it also affects plant growth.Table 3 shows that the correlation coefficientsbetween soil P testing values and percentage of yieldare highly siginificant for Bray-1, Truog, Mehlich,HCl 25%, and Bray-2 extraction methods. Basedon these r values, Colwell, Morgan and Wolf, andOlsen extraction methods are considered not suitableto determine P requirement for upland rice in TypicKandiudox. On the other hand, Bray-1, Truog,Mehlich, HCl 25%, and Bray-2 are suitable todetermine P requirement for upland rice. Among allthese extraction methods, Bray-1 had the highestcorrelation coeficient (r = 0,90) and  is suggested asthe appropriate P extraction method for the acid soilused in this study. Widjaja-Adhi (1986) reported thatModified Truog extraction method could be used todetermine P requirement for acid soil of upland ricein Lampung. Nursyamsi et al. (2001) reported theresults of an experiment conducted on Oxisol inPelaihari using maize, showing that the appropriateP extraction methods were Bray-1 and HCl 25%;while on Typic Kandiudox Papan Rejo LampungUtara were Bray-1 and Bray-2 (Nursyamsi et al.2004).Bray-1 and Bray-2 containing NH4F and HClare generally suitable for determining P requirementof acid soils in which most of P in the soils is presentas Al-P and Fe-P (Olsen and Sommers 1982). Ion Fin both extractants can release P from Al-P and Fe-P bound on mineral surfaces by forming AlF63- or
FeF63- bonds. In addition, the H+ ion also plays arole in increasing P solubility derived from Al-P andFe-P forms.
Range of P Nutrient Status for Upland Rice
Phosphorus availability status and P fertilizerrecommendation are determined based on Pextraction methods that have high r values or verysignificant, i.e. Bray-1 and Truog extractionmethods. Calibration of soil test to determine criticallimits of soil P based on Bray-1 and Truog extractionmethods is presented in Table 4 and 5. The resultsshow that the soil test of Bray-1 (Table 4) and Truog(Table 5) have the high values corresponding to  thegrain yield difference due to decreased P application(Ymax.). Even in the soil test values of Bray-1 andTruog with the concentrations of 50 and 24 ppmP2O5 respectively, the yield difference was only 0.25Mg ha-1. The results show that plant response to Pfertilizer on soils with low P status would be high. Incontrast, the response would be low for the soilswith high P status. Consequently the crops plantedon the soil with low P content need more fertilizerthan the soil with high P content. The critical limitsof P for upland rice based on Bray-1 were 12.0 and26.0 ppm P2O5 (Table 4), while based on Truogextraction method, the critical limits were 12.0 and37.5 ppm P2O5 (Table 5).Based on the critical limits of P in soil, Pavailability classes of Bray-1 could be determinedas follow: low, moderate, and high for the soil with
Table 4. Critical limit of P content of Typic Kandiudox for upland rice extracted using Bray-1.
Treatment Replication 
Bray 1 ΔYmax Average ΔYmax ni Si S pooled t-calculated t-table 
Critical limit 
ppm P2O5 …….Mg ha-1….... 
ppm P2O5            0 X II 5 3.01 2.95 3 0.104 0.520 7.420 2.718 12.0 0 X I 6 3.01      1.796  0 X III 10 2.83        ¾  X III 14 2.09        ¼ X I 17 1.83 1.63 6 0.284 3.788 5.657 2.896 26.0 ¼  X III 22 1.50      1.860  ¼  X II 23 1.63        1 X I 24 1.46        ½  X I 25 1.30        ½ X II 27 0.91 0.74 4 0.329     ¾ X I 38 0.90        ½  X III 39 0.92        1 X II 50 0.25        
 
87J Trop Soils, Vol. 23, No. 2, 2018: 81-89
P content of <12.0, 12.0-26.0, >26.0 ppm P2O5,respectively. Similarly, the P availability classes basedon Truog extraction method consist of low,moderate, and high with P content of <9.0, 9.0-15.5,and > 15.5 ppm P2O5, respectively (Table 6).
Recommendation of P Fertilizer for Upland Rice
Based on plant response to P fertilizerapplication, the generalized response curve of uplandrice to P fertilzer application at different soil P status
can be determined (Figure 1). The dose of fertilizerrequired by the plant is the amount of fertilizer neededto reach an optimum dose. Optimum dose is assumedas fertilizer dose to  achieve 90% of maximum grainyield. The calculation showed that the upland ricegrown on Typic Kandiudox with P status of low,moderate, and high needs 33, 8, and 0 kg P ha-1,which equal to 200, 50, and 0 kg SP-36 ha-1,respectively. The soil with high and moderate Pstatus was achieved by applying fertilizer of 200 kg
Table 5. Critical limit of P content of Typic Kandiudox for upland rice extracted using Modified Truog.
Table 6. Soil P availability status of Typic Kandiudox for upland rice.
Table 7. Fertilizer recommendation for upland rice at different soil P status of Typic Kandiudox.
Treatment Replication 
Bray 1 ΔYmax Average ΔYmax ni Si S pooled t-calculated t-table 
Critical limit 
ppm P2O5 …….Mg ha-1….... 
ppm P2O5            0 X II 1 3.01 2.61 5 0.50 0.227 19.684 19.684 9.0 0 X I 3 3.06      1.796  0 X III 5 2.83        1  X III 6 2.05        ¾  X III 7 2.09 1.55 8 0.51                ¼   X I 11 1.83 1.57 4 0.22 0.368 4.459 3.707 15.5 ¼  X II 13 1.63      1.943  ¼  X III 15 1.50        ½  X I 15 1.30                   ½  X II 16 0.91 0.74 4 0.33     ½ X III 16 0.92        
 
Nutrient status  Soil P content Bray 1 Truogh 
 .................ppm P2O5...................... Low < 12.0  <9.0 Medium 12.0-26.0 9.0-15.5 High > 26.0 >15.5  
r
P Nutrient Class Regression equation 
R2 Fertilzer Dose P SP-36 
% ………..…..kg ha-1…………….. 
Low Y1= -0,00004x2+0.024x+0.576 98.7 33 200 Medium Y2= -0,00002x2+0,0106x+2.281 94.2 8 50 High Y3= -0,00002x2+0,0102x+2.225 93.0 - -  
ertili r
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SP-36 ha-1 and 50 kg SP-36 ha-1, respectively. Fora very high P status, the soil was fertilized only fornurturing (25 kg SP-36 ha-1) (Table 7). As acomparison, recommendation of P fertilizer forsoybean grown on Typic Hapludox at low, moderate,and high P status are 58, 45, and 16 kg P ha-1(Nursyamsi et al. 2004).The soil with low nutrient status showed  highplant response to fertilizer application. Therefore,this soil needs a lot of fertilizer. In contrast, the soilwith high nutrient status has no response to fertilizerapplication, thereby this soil only needs a little amountof fertilizer, i.e to maintain nutrient status remainshigh. The soil with moderate nutrient status had lowerresponse to fertilizer application in comparison tolow nutrient status, suggesting less fertilizer neededfor this soil  compared to soil with low nutrient status.Schulte and Kelling (1996) reported thatrecommendation for phosphorus fertilizer vary withcrop species, yield, and soil type. If the soilphosphorus is below the optimum level, the amountof phosphorus recommended will permit a gradualbuildup (over 5-8 years) of the available supply. Ifthe soil phosphorus is high, the amount ofrecommended P will be less than the amountremoved by the harvested crops, allowing somedecrease in the soil P content. For excessively hightest, elimination of part or possibly all of thephosphorus fertilizer allows the soil P to drop to theoptimum range.
CONCLUSIONS
Phosphorus application significantly increasedplant height and dried grain yield of upland rice at
very low to very high P status, but the magnitude ofthe increase of the yield decreased with the increaseof P status. Colwell, Morgan and Wolf, and Olsenextraction methods are not suitable to determine Prequirement for upland rice grown on TypicKandiudox, whereas Bray -1, Truog, Mehlich, HCl25%, and Bray-2 are appropriate. Among all of theseextraction methods, Bray-1 and Truog are the mostappropriate extractants for upland acid soils.Phosphorus availability status for Bray-1 extractantare low, moderate, and high, corresponding to < 12.0ppm P2O5, 12.0-26.0 ppm P2O5, dan > 26.0 ppmP2O5, respectively, whereas for Truog extractantthe P availability status are < 9.0 ppm P2O5, 9.0-15.5 ppm P2O5, and > 15.5 ppm P2O5, respectively.The recommendations of P fertilizer for upland ricegrown on Typic Kandiudox with low, moderate, andhigh P status are 33, 8, and 0-4 kg P ha-1, whichequal to 200, 50, and 0-25 kg SP-36 ha-1.
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